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Aksimci 

The  first  fcicker  ccwcepf  iteign  p|  for  beam  defleelion 
was  constructed  to  allow  sttipliiie  plates  td  be  driven;  thus 
directini,  or  kkkin$,  the  electron  beam  into  two  subse* 
cjiient  beam  lines.  This  quad-driven  striplioe  kicker  is  an 
eight  port  eleccroniagtietic  hetwotk  and  consists  of  two 
activelj'  driven,  plates  and  two  terminated  plalei  Eleciro- 
magnetie  roea.surennent.s  perforaied  on  the  bi-kicte"  :[2| 
iiod.  quad^kicker  were  designed  to  determine:  (.1 )  the  qual¬ 
ity  of  the  fabricatioa  of  the  kicker,  including  component 
alipments;  (2)  quantiticaiion  of  tl«  input-feed  tnutsition 
regions  from  die  input  coax  to  the  driven  kicker  plates;  <3) 
kientification  of  properties  of  the  kicker  iLwif  without 
involving  the  effects  of  the  electron  ijeam;  (41  coupling 
between  a  lie®  cunent  source  and  tf®  plates  of  the  kicker; 
and  (5)  the  effects  <m  the  driven  cui  reiii  to  simulate  an 
eiectron'beam  through  the  body  of  the  kiefe.  Included;  in 
this  are  the  angular  variations  inside  the  kicker  lo  examitte 
tnodal  distrihutions.  The  goal  of  tlM  simulated  beam  was 
to  aikiw  curved  path  and  changing  radius  studiei?  to  be  fter- 
fornwd  electromagnctically.  The  cold  test  results  pro¬ 
duced  were  iltefl  ittettrporatediitobeam  mixlels  13]. 

1  iNTMJDliCTlON 

Ihe  original  kicker  design  was  coiKelved  to  allow  fetr 
the  div-ersioa  of  the  cleeiroo  beam  dynamically  during  a 
tor®  pulse;  thus  acling  like  a  beam  spliller.  Experimenis 
pertbftned  «  the  kicker  |4]  detail  die  c^erating  p^m«- 
ters  of  the  system.  This  paper  csuttlnes  the  eIectromagi*etic 
cold -test  meffiure  inente  performed  on  the  kicker  as  part  of 
die  analysis  and  concepts  for  the  kicker  puiser  retiaire- 
nients. 


figure  i.  The  quad-kkker  in  the  Experhmntal  Test 
Aecekraktr  (ETA~fl)  heamline  wt  pari  rtf  the  verijka- 
dm  experiments  14  j.  Note  ihe  fmr  pom  tm  each 
ml  of  the  qmd-kii'l^r.  These  parts  connect  directly 
to  the  deftection  plates.  Tmt  af'the  white  puker 
cables  are  visible  in  the  foreground, 


Due  to  heamline  usage  and  the  motivations  for  the  cold- 
test  ineaiiureinents,  the  ideker  was  tested  in  die  LLNL 
Electromagnetics  Labo:ratrat5'  using  a  vwlety  of  vector  net¬ 
work  analyzers  (to  sweep  the  frequency  bandy  and  time 
domain  impulse  feneiators  and  scopes. 


Figure  2,  The  guad-kicker  hw  tested  ming  /re- 
tpiency-  and  tbm-dotMin  smpes  to  cover  the  hmd 
for  the  swept  fo‘qmm:y  texts  md  i«.vrfliito»i?«£fs 

2  MICKER  l»ORr  TESTING 

Each  of  the  eight  input  poos  of  the  kicker  were  tested 
over  a  frequency  bijncJ  from  45  MHz  to  500  MHz.  Twhi 
porte  connected  In  the  input  and  Output  of  each  of  the  four 

plates  through  a  inpered  nanstiion 
region  through  a  eoaxittl  eonriecfrjr. 

Ihe  pin  on  llie  plate  conaeeted 
directly  w  thi}  center  pin  of  the  coax, 

The  results  of  the  measuretaetns 
(shown  iti  Figure. 3)  indicaile  a.  broad¬ 
band  maich  with  the  exception  of  res¬ 
onances  caured  by  the  feed  regions. 

The  compariMn  in  Figure  .4  illustmtes  the  feed  f^on 
effecw  based  tm  experience  learned  from  the  bi-kicker  iind 
quad-kicker  development  activities. 
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figure  3.  The  input  impedance  cfeach  (ff  the  ports  is 
slmwit  vii  Jregimncy  (margitt  of  error  is  +/-  OJ 
ulmsh  Tlte  spikes  at  )SSJ5,  4T4fo  460  MHz  are 
higher  order  tmde  resommees  and  corrmpand  to  Q’s 
afJiO  fomdntpole  modeh  §1  (di}Mde  mode),  and  29 
idipok  tmde)  respmmfy 


Figure  4.  The  ifiimt  refieclim  cmfficknt  iin  dB)  vs. 
fnujueitcy  ('*«.  MHz^  f/fihe  bi-McAer  wot  mm  ft  mm 
m^brm  due  10  the  nwre  grailifttl  iransiikm  re^lm 
after  the  emxial  fteds:  the  duad-kieker  had  a  mtm 
aftmpt  irmsitmi  after  the  max  and  fias  a  iaest^r 
inpu!  refteetion  tt/effidmi.  Tfte  spikes  in  the  bt- 
kkker  resume  cutYe  am  due  to  the  grmnuied  plate 
resoHmms  wid  were  Wminaed  in  the  quad-Meker. 


Figures,  ffte  mmpiex  mput  impedmee  ajihe  kkker 
is  sftawn  far  ane  »f  t/te  parts  fthe  variame  hetween 
the  parts  h  +/-  7  (duns  due  to  fabrication  diffe  r¬ 
ences).  The  three  stmiuht  Urns  in  the  curve  repre¬ 
sent  under  .mnpfmg. 

3  CRC^SCOUFLIMG  TEEMS 

llie  ctoss-plate  coMpImg  lenns  of  tlw  kicfer  eorre- 
sponded  to  the  coupling  between  adjacent  and  opposite 
ends  of  the  various  plates  to  each  ottasr,  Tn»»  cottpling 
temis  rej^esenl  energy  that  coupie?  from  the  kicker  pufser 
driven  plate  to  thMe  :plates  that  are  tenninated,  thus  iadtie- 
ing  Helds  onto  plates  that  are  not  directly  driven,  'fhese 
cross  coupling  terais  me  appreciable  and  20*ll*-)  even 
at  the  lower  frettuencies. 
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figure  6,  The  magmUule  of  the  ampling  hetween 
adjacem  pkties  vs.  freqttmty  sitom  stpnifkmt  atm 
amfdinp  at  muHifdes  of  BO  MHz.  The  adjacettl  plate 
i'mtdmg  is  20%.  and  the  cross  jdate  antpimg  is  H%, 


Figure  7.  Ihe  quad-lacker  pimes  are  identiml  and 
e.mh  is  connected  to  a  50-&hm  maxiat  jtort.  Fi>r  the 
e-KperimeKts  I4j  using  the  exhling  kicker  ptdsers,  two 
of  the  pi&tes  were  driven  md  the  other  iwtf  plates 

were  terminated  in  matched  loath,  Eath  plale  is 
wide  (}2;B7  cm  mdius)  and  is  sitpiwrted  By-  rexotile. 

4  TOEWAED  COUPLING  TEEMS 

The  kicker  puters  drive  one  end  of  the  plates  and  the 
other  end  is  mated  to  reduce  reflections  on  the  plaK  siruc- 
lure.  The  loss  along  the  plates  is  less  thin  1  dB  arki  (he 
traffifer  fiiiiction  froin  one  end  of  the  plate  to  the  other  is 
shown  in  Figure  8. 
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figure  &.  ‘The  imnffer  fumiutn  Itit  dB)  m.frequen€p 
from  tme  end  of  the  pimes  to  the  other  end.  In  th 
low  frequency  part  of  the  spectrum,  the  curves  for  the 
rnrkms  plates  overlap  to  within  0,025  dB, 

For  identllicaijaii  of  the  transient  pr^bpesties  of  the 
kicker  and.  the- association  ’between  a  s’ttulatcd  beam  trad 
the  kicker  porlSs  a  ramp  pulse- fO. 05V  per  30Oasl  was  used 
(0  excite  the  wite-eiirtent,  Tlw;  resoliini-  wavefoira  that 
was  inctumi  tin  the  dowhstreain  output  port  is  ihowit  In 
Figure  0, 


figure  9.  The  effect  of  the  TOO  ns  ramp  pulse  cou- 
ptmgfmm  thewire-mrrmt  mom  ttfthe  kicmrpldtrn 
beini  mtmitored  at  a  dowmmam  pan.  Notice  that 
after  idiout  70  m.  the  muplmg  siahUbes  m  -0,005 
iblts  (carresptmds  to  S.5.^t),  The  spikes  occur  at 
the  trmsitian  of  each  itW  ns*  exettaiiim  ramp  wove- 
form. 


When  the  central  wire  representing  an  electron  beam 
was  excited  through  the  main  body  of  the  kicker,  the 
“pump-up”  time  of  the  kicker  was  observed  as  an  equiva¬ 
lent  time  constant  of  70  ns.  This  corresponds  to  the  cavity 
fill  time  between  the  simulated  beam  pulse  and  the  ports. 

6  AZIMUTHAL  VARIATIONS 


During  the  course  of  the  measurements,  the  azimuthal 
variation  caused  by  the  offset-rotations  of  the  current-wire 
was  measured  and  compared  against  the  theoretical  solu¬ 
tion  for  an  offset  wire  in  an  ideal 
kicker.  A  comparison  between 
this  theoretical  solution  (dashed 
line)  for  an  electrostatic  coupling 
^  case  and  that  for  the  experimental 

180  270  360  cases  at  the  peak  coupling  points 
of  68.4,  139.2,  and  209.4  MHz,  is  shown  in  the  above  plot. 
The  angular  frequency  spectium  of  the  above  plots  was 
taken  to  determine  the  relationships  between  the  various 
modes  (Dipole,  Quadrupole,  and  Sextupole)  in  the  kicker 
and  those  modal  ratios  are  shown  in  the  table  below 


static 

68.4 

139.2 

209.4 

eq  (1) 

Vq/Vd 

0.136 

0.134 

0.140 

0.169 

0.174 

VsA^d 

0.0252 

0.0315 

0.0327 

0.0351 

0.0203 

and  are  in  a  similar  range  to  that  determined  by  integrating 
the  simple  analytic  representation  [5]  along  the  plate 
boundaries  shown  in  Equation  1, 

3 

Aq^  I  cos30^/0 


^  _  lfl^sin3(|) 

^  ^  ■'3^2  sincj) 

Aq^jcosQdQ 
^  -(!» 


'_Q  ^  l^sin2(j) 
2b  sin(j 


(1) 


where  ^  is  the  plate  half-angle  (39®)  but  45®  was  used  to  be 
consistent  with  the  theory  since  Eq(l)  assumes  no  gaps, 7? 
is  the  plate  radius  (12.87  cm),  and  a  is  the  radius  to  the 
wire  position  (3.175  cm).  Differences  can  be  attributed  to 
gap  effects  between  plates,  end  effects  near  the  feeds,  and 
simplifications  of  the  analytic  representation. 


The  equivalent  circuit  model  for  the  kicker  is  composed 
of  a  series  of  transmission  line  sections  and  cross-coupling 
terms  representing  the  plate-to-plate  effects. 


7  CONCLUSIONS 

Although  the  frequency  range  of  interest  for  kicker 
applications  is  in  the  low  hundreds  of  megahertz  range  and 
is  based  on  the  bandwidth  of  the  kicker  pulser,  there  were 
initial  concerns  about  beam  induced  effects.  For  this  fre¬ 
quency  range:  the  cross  coupling  between  adjacent  ports 
is  less  than  14  dB;  the  input  impedance  for  each  port  is 
between  50  and  90  ohms;  transmission  along  the  plates 
experiences  less  than  1  dB  of  loss;  and  cavity  measure¬ 
ments  show  a  cavity  pump-up  time,  and  a  dl/dt  coupling 
between  the  current-wire  and  the  cavity. 

The  input  reflection  coefficient  for  some  higher  fre¬ 
quencies  can  approach  30%;  but  these  frequencies  are 
expected  to  be  outside  of  the  normal  operating  range  of  the 
kicker.  However,  in  making  the  modifications  from  the  bi- 
kicker  design  to  the  quad-kicker  design,  the  frequency 
band  where  these  effects  make  a  pronounced  difference 
was  lowered  and  is  closer  to  the  operating  band.  Thus, 
subsequent  changes  in  the  kicker  design  would  need  to  be 
leery  of  this  limit.  It  should  be  emphasized  however  that 
the  elimination  of  the  shorted  plates  from  the  bi-kicker 
design  substantially  improved  the  operation  of  the  quad- 
kicker  [4], 
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